world population in only one decade. Because birds breed aggregated in discrete 25 and annually changing patches within large colonies, we could disentangle 26 whether annual aggregation was random or resulted from social bonding among 27 individuals. Our goals were 1) to uncover if there was any long-term social 28 bonding between individuals and 2) to examine whether the perturbation regime 29 affected social cohesion. 30 3. We explored social cohesion by means of contingency tables and, within the 31 Social Network Analysis framework, by modeling interdependencies among 32 observations using additive and multiplicative effects (AME) and accounted for 33 missing data. We analysed 25 years of monitoring with an individual capture-34 recapture database of more than 3,500 individuals. 35 4. We showed that social bonding occurs over years in this species. We 36 additionally show that social bonding strongly decreased after the perturbation 37 regime. We propose that sociality and individual behavioural heterogeneity have 38 been playing a major role driving dispersal and thus population dynamics over 39 the study period. We define population resilience as the maximal pulse perturbation a population can 63 tolerate or absorb without going extinct (Dai et al., 2015; Holling, 1973) . In social 64 animals, social behavioural processes, such as information sharing and decision-65 making, add another dimension to understanding the resilience of populations facing 66 perturbations. For instance, the amount of social information can be enhanced not only 67 by positive density-dependence, but also by social cohesion ( a shared tendency to breed in the same birthplace. This tendency may result from the 85 need to share information about resources, especially when they are patchy and more 86 unpredictable, or it may result from the advantages of social defence against predators 87 (Clode, 1993; Hoogland & Sherman, 1976) . A challenge lies in disentangling whether 88 annual association between individuals is only due to philopatry, or also due to the 89 existence of a social bonding within groups of individuals over time. If the latter is true, 90 then this would suggest the evolution of social cohesion for exploiting the evolutionary 91 advantages of social living (including social information sharing) for individual fitness 92 prospects. 93
Social network theory, originated in sociology and widely used to study human 94 relationships and social organization (Centola, 2018; Moreno, 1934; Scott, 1988) is now being simultaneously developed in a number of fields, including statistical 99 physics, sociology, molecular biology, and computer science. As a result the field is 6 changing at a rapid pace. While not all developments can or should be applied toward 101 the study of animal societies (James, Croft, & Krause, 2009 ), this rush of novel ideas 102 from outside disciplines is enriching behavioural ecology (Hasenjager & Dugatkin, 103 2015) . 104
To explore the existence of social cohesion and its dynamics under perturbations, we 105 studied an ecological system involving a colonial, social vertebrate (the Audouin's gull 106 the large availability of both suitable breeding habitat and food resulted in a rapid and 139 exponential growth, ending with the site holding more than 70% of the total world 140 population in 2006. The global population dynamics was mainly driven by this colony 141 and after the exponential growth, the species was downgraded to a conservation 142 category of "least concern" (IUCN 2015). However, the Punta de la Banya colony is 143 now collapsing and even if the species is colonizing new sites, the global population is 144 decreasing at a 5% annual rate (M. Genovart, Oro, & Tenan, 2018; Figure 1 ). In 1997, 145 first carnivores (mainly foxes, but also badgers, beech martens and least weasels) 146 arrived at Punta de la Banya, and since then the site has been perturbed to a greater or 147 lesser extent by carnivores. the probability of breeding together at least once during the second sub-period was 208 independent of having bred together before at least once in the first period. We built a 209 3x3 table of frequencies, showing the frequencies of two individuals breeding or not 210 together at least once during the second sub-period depending on if they bred together 211 or not at least once during the first sub-period. We included a third column/line for 212 unknown relationships, i.e. with no information for one or the two of the individuals for 213 that period. We then tested for deviation of random frequencies by Chi Square test. 214
With the SNA approach we analysed the social bond between individuals using the 215 AME function provided in the Amen package in R and including data from the first 216 period (five previous years) as predictors of association during the second sub-period. 217
We considered that this time window was not too large to include important death 218 events, but large enough to account for the imperfect detection of individuals. To 219 achieve convergence, we increased the number of iterations to 100,000 from the default 220 value of 10,000 and lengthened the burn-in period to 500.
To assess if perturbations affected social structure in this species, we analysed as 223 previously, with both the contingency table approach and the SNA approach, the social 224 bonding during the period of "transition phase to collapse" (2012-2017). To do so, we 225 tested if the probability of breeding together in this phase (2012-2017) was independent 226 of having bred together during five previous years (2007) (2008) (2009) (2010) (2011) . We then compared 227 these results from those previously observed during the "stability phase". When we analysed the social bonding during the transition to collapse phase, we 243 observed that the probability of breeding together during the period 2012-2017 did not 244 depend on if they have bred together the five previous years (χ 2 =1.957, p-value = 245 0.162) and we could not reject the hypothesis of a random association between 246 individuals. Also the SNA approach showed that breeding aggregations in Audouin's 247 gull during the transition phase did not depend on if they have bred together the five 248 previous years (Table 1 ; Figure 3 ). 249 250 Discussion 251
By studying a particular ecological system of a colonial long-lived species that 252 experiences a perturbation regime, we showed that social bonding among individuals 253 persist over the years and that perturbations may decrease social cohesion in animal 254
populations. 255
The characteristic breeding behaviour of the study species that aggregates in patches 256 that change annually, allowed us to show that individuals do not annually breed 257 aggregated at random but rather there is some group stability, with individuals 258 establishing social bonds that persist over time. Group stability can emerge as a product 259 of network self-organization, but may provide the necessary conditions for the evolution 260 We have shown here that perturbations may decrease social cohesion in animal 304
populations, but further studies should be carried out to improve our understanding on 305 the demographic consequences of the breaking down of social bonds under 306 perturbations for population dynamics and resilience on social species. 307 308 Acknowledgements 309
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